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v 
 
analysis in ways I never thought possible.  Dr. Clark was quick to offer help with research 
questions and help with retrieving GPS collars deep in the backcountry.  I am extremely grateful 
for Mr. Bill Stiver, whose idea to study bear return data from ABR turned into my master’s 
thesis.  Bill’s practical advice as a wildlife manager with decades of experience has been key in 
shaping the foundations of this project to better equip wildlife managers throughout the world 
with bear rehabilitation knowledge.  Bill and I had the opportunity to fish for halibut in Alaska 
together a few days before the International Association for Bear Research and Management 
Conference in 2016.  We were given a limit on the number we could keep, and Bill caught his 
limit before me.  Bill hooked another one at the end of the day, and so it was suggested that I reel 
it in to get my last keeper.  To our surprise, it was the largest halibut caught that day at 135 
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involved in a lot of research in his career so after suggesting that ABR take on this project, he let 
me reel it in.  Once again, I was surprised out how big it actually was once it surfaced.  It has 
taken longer to get it in the boat than that halibut and fought even harder, but it has been a great 
journey that I am happy to have been trusted to reel in.    
 I would like to thank the TWRA, GSMNP, the University of Tennessee’s Department of 
Forestry, Wildlife and Fisheries and College of Veterinary Medicine (UTCVM), the Southern 
Appalachian Branch of the United States Geological Survey (USGS), the CNF, the Nantahala 
National Forest (NNF), and all the individuals associated with these organizations for their 
assistance with this project.  I would like to thank TWRA and GSMNP for assistance with 
locating GPS collars, bear capture, and bear releases.  I thank TWRA licensed pilot, Barbara 
Shaffer, for all the flights she completed to search for collars during this project.  I thank Dan 
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coordinating bear releases and securing funds to purchase GPS collars.  I thank TWRA Wildlife 
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of volunteers during field work for this project, and Jessica was the only one that agreed to go 
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Wildlife agencies are forced to deal with difficult situations when orphaned or injured American 
black bear (Ursus americanus) cubs (<12 months old) or yearlings (>12 and <24 months old) are 
captured.  However, bears have strong public support and interest and simply euthanizing 
orphaned animals would be opposed by much of the public.  One option is bear rehabilitation.  
Unfortunately, the survival and movements of bears released from rehabilitation facilities are 
rarely documented.  My goal was to assess survival and post-release conflict of orphaned bear 
cubs and yearlings following rehabilitation and release from a rehabilitation facility, Appalachian 
Bear Rescue (ABR), in Townsend, Tennessee, USA.  My specific objectives were to (1) estimate 
first-year survival, (2) identify key variables affecting survival, (3) determine cause-specific 
mortality, and (4) assess conflict behavior of bears released from ABR.  I hypothesized that 
rehabilitated bears would survive at similar rates, die from similar causes, and engage in similar 
conflict behavior to wild conspecifics.  I equipped 42 black bear cubs and yearlings from ABR 
with Global Positioning System (GPS) wildlife tracking collars during 2015 and 2016 and 
released them in either Great Smoky Mountains National Park (GSMNP) or Cherokee National 
Forest (CNF).  I estimated survival using known-fate methods in Program MARK.  Wildlife 
agencies provided reports of released bears in conflict situations.  I estimated survival by treating 
lost telemetry signals as collar failure on a living bear (optimistic estimate) or as collar 
destruction related to mortality (pessimistic estimate).  Pessimistic and optimistic estimates of 
overall annual survival of bears was 0.88 (SE = 0.07) and 0.93 (SE = 0.06), respectively.  
Survival for bears released as cubs (0.64, SE = 0.14,  n = 13) was lower than for bears released 
as yearlings (1.00, SE = 0.00, n = 29), and the major cause of mortality was vehicular-collisions.  
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Three of 42 bears (7.1%) released from ABR engaged in conflict up to 1 year post-release.  
Survival, cause-specific mortality, and engagement in post-release conflict of my study bears 
was similar to or higher than published reports for wild conspecifics.  Bear rehabilitation should 
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Management Options for Orphaned American Black Bears 
Wildlife managers are frequently faced with the dilemma of how to best deal with orphaned and 
injured wildlife.  Whether a manager’s choice is to provide medical treatment, no intervention, or 
humane euthanasia, the decision is rarely ever straightforward.  Decisions are complicated by 
public opinion, which may outweigh ecological variables in shaping some wildlife management 
policies (Swan et al. 2017), especially when managing charismatic species such as bears (Ursus 
spp., Peine 2001).  For most North Americans, bears are appealing because of their intelligence, 
large size, physical appearance, ability to stand erect, and cultural significance (Kellert 1994).  
As a result, bear management decisions are often controversial (Teel et al. 2002, Ryan et al. 
2009).   
Dealing with orphaned American black bear (Ursus americanus) cubs (< 12 months old) 
and yearlings (> 12 and < 24 months old) has become a recurring issue for wildlife managers 
(Stiver et al. 1997).  Reasons for orphaning are both natural and anthropogenic.  Unfavorable 
environmental conditions such as drought, fire, or flooding can lead to bear mothers abandoning 
their cubs (Clark et al. 2002, Waller et al. 2012).  In addition, habitat loss, poaching, vehicular 
collisions, and other forms of human-bear conflict increase the numbers of orphaned bears 
(Garrison et al. 2007, Beecham et al. 2016).    
Human perspectives on wildlife have shifted over the years, and many residents currently 
living in urban settings demand action for injured and orphaned wildlife (Lindsey and Adams 
2006).  Some individuals believe orphaned bears should be reintroduced into the wild and expect 
managers to assist (Beecham et al. 2016).  As bear and human population densities around the 
urban-wildland interface increase, so may the numbers of orphaned bears.  Prior to making any 
3 
 
decisions regarding orphaned American black bears, wildlife managers need more information 
about options including (1) non-intervention; (2) humane euthanasia; (3) reuniting bears with 
their biological mother; (4) fostering bears to wild, adoptive females; (5) transporting bears to a 
permanent, captive facility; and (6) transporting bears to a rehabilitation facility for eventual 
release back into the wild (Beecham 2015).   
No intervention for orphaned bears could be appropriate if orphans are above a certain 
age.  Alt and Beecham (1984) reported successful releases of pen-reared American black bear 
cubs at 5 months of age.  Erickson (1959) reported that orphaned American black bear cubs 
survived the winter in Michigan as young as 5.5 months old (Erickson 1959).  Some of these 
cubs were injured (e.g., lacerated paw pads and amputated paws from trap injuries, and a 
fractured mandible in one case; Erickson 1959).  Payne (1975) reported 2 male American black 
bear cubs orphaned in Newfoundland during September 1969 had survived and were later 
recaptured in June 1971 (Payne 1975).  Johnson and Leroux (1973) reported a 7-month-old 
grizzly (brown) bear (Ursus arctos) cub that survived on its own in the wild for 12 months after 
orphaning (Johnson and LeRoux 1973).  Palomero and Banco (1997) observed 3 orphaned 
brown bear cubs surviving on their own in the Cantabrian Mountains of Spain from summer 
1991 to May 1992 (Palomero and Banco 1997).  Regardless of these reports, leaving orphaned 
bears on their own could possibly lead to prolonged, unnecessary suffering of animals as well as 
public condemnation of wildlife agencies. 
Euthanasia may be the appropriate choice for orphaned bears that are suffering, have 
substantial injuries or illnesses that will prevent them from living a normal life in the wild, or 
when the prognoses demand great time commitments with human intervention for complete 
4 
 
recovery.  Critically-injured bears may require immediate euthanasia in the field by wildlife 
managers to prevent unwarranted suffering.  Some bears may be admitted to wildlife veterinary 
hospitals in emergency situations, but these bears may still be euthanized if their ability to thrive 
in the wild is compromised.  Lengthy recovery times with human caretakers could also hinder 
the wild nature of bears (Beecham et al. 2016).  Bears in close, frequent contact with humans can 
become habituated (McCullough 1982).  Euthanizing neonate bear cubs that could not survive on 
their own to prevent suffering is also an option for managers.  The public may disapprove of 
euthanasia or non-intervention and oppose these actions, especially if other options are available.     
If feasible, placing bears back with their biological mothers is a publicly acceptable 
option.  Seibert et al. (1999) were able to locate the natal den of a young American black bear 
cub in Pisgah National Forest, North Carolina, and successfully place it back with its mother.  In 
Great Smoky Mountains National Park (GSMNP), a bear mother and 3 cubs were accidentally 
separated for about a week.  The mother was later trapped, and the 3 cubs were placed with her 
in a partitioned transfer cage.  The animals immediately starting vocalizing and once the divider 
was raised, the cubs went to the adult female and began nursing.  The bear family group was 
released together (W. H. Stiver, GSMNP, personal communication).  However, placing young 
bears back with their mothers is usually not feasible because wildlife officials may not know the 
location of the mother.  Also, the death of a bear mother would rule out this management option. 
Although rare, bears have adopted orphans unrelated to them in the wild (Alt 1984).  This 
behavior was observed in American black bears (Benson and Chamberlain 2006), brown bears 
(Erickson and Miller 1963), and polar bears (Ursus maritimus; Atkinson et al. 1996, Derocher 
and Wiig 1999).  Successful human-mediated fostering of young bears has also occurred.  For 
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example, Clarke et al. (1980) placed 2 two-week-old orphaned black bear cubs into the 
excavated den of a radio-collared bear mother in the Catskill Mountain region of southeastern 
New York.  The mother was thought to have only 1 biological cub based on auditory recordings 
taken outside the den.  Subsequent observations in the spring and summer revealed the mother 
with 3 cubs (Clarke et al. 1980).  Alt and Beecham (1984) used 3 different methods to attempt 
fostering orphaned black bears to post-parturient females.  They found adoption was successful 
when orphans were placed into the natal dens of bear mothers (75.9% success, n = 29), when 
orphans were placed at the bases of trees of treed bear mothers with biological young after den 
emergence (9.1% success, n = 11), and when orphans were introduced to immobilized females 
and her offspring after trapping in culvert traps following den emergence (20.0% success, n = 5).  
Alt and Beecham (1984) found that timing of potential adoption was critical.  Fostering cubs 
after the denning period using either the treed or culvert trap methods resulted in only 2 
successes in 16 attempts (12.5% adoption rate).  Females were observed killing 2 of the orphans 
during the treed reintroduction process, and another cub was thought to have died in a similar 
manner (Alt and Beecham 1984).   
Maternal body condition due to habitat quality may also affect the outcome of fostering 
attempts.  Carney and Vaughan (1987) introduced 7 black bear cubs to 8 different foster mothers 
in Shenandoah National Park.  They reported high adoption rates (>85%), but low survival rates 
(20%) for the introduced cubs.  They recommended that researchers should be wary of 
introducing cubs to mothers living in marginal- or poor-quality habitats.  Rogers (1985) 
examined the effects of cub adoptions on bear foster families of varying litter sizes in Minnesota.  
He reported a total litter loss and death of the orphan when fostering a cub to a mother with a 
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litter of 3.  However, survival of both the biological and orphaned cub occurred when fostering 
to a mother with only 1 cub (Rogers 1985).  Added benefits to fostering black bear cubs to wild 
females with neonates include improved socialization skills, better nutrition from a mother’s 
milk, and reduced potential for human habituation (Servheen et al. 1987).  However, the 
availability of potential adoptive females may necessitate having adult females with neonates 
already radio collared.  Managers are reluctant to radio tag adult females for the sole purpose of 
future fostering due to the risks and high costs of collaring bears.  Additionally, managers must 
consider the timing of planned adoptions and the nutritional status, current litter size, den type 
(e.g. high in a tree cavity), and den location of potential surrogate mothers prior to attempting to 
foster foreign cubs.   
As another possibility, managers could place orphaned cubs into permanent captivity 
such as zoos or sanctuaries.  However, bears are long-lived and require large enclosures, which 
can make it difficult to find permanent, captive wildlife facilities willing to accept bears into 
their programs (Beecham 2006).  At the same time, many people do not want to see wild, 
orphaned bear cubs placed into permanent captivity (Beecham 2006) and wildlife managers 
would prefer wild bears be released back into the wild (Stiver et al. 1997).   
Placing orphaned bears into rehabilitation programs for care with eventual release back 
into the wild is another option.  According to the International Wildlife Rehabilitation Council 
(IWRC), “Rehabilitation is the process by which orphaned, injured, or ill wildlife regain the 
health and skills required to function normally and live self-sufficiently when released back into 
their natural habitat” (Kanaan and Pajor 2010:7).  Rehabilitation and release of wildlife has 
become a popular practice throughout the world, with millions of animals being cared for each 
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year (Pyke and Szabo 2007).  Rehabilitation facilities are typically permitted to care for animals 
under strict guidelines set forth by the jurisdictional authority responsible for managing wildlife 
(Beecham 2016).  Animal patients are admitted under differing circumstances, including 
orphaning, illness, and injury.  Upon recovery, these individuals are released back into their 
natural habitat and sometimes followed post-release.  Captive care and release of American black 
bears to the wild has been in practice for decades (Beecham et al. 2016).   
Proper rehabilitation and release can also benefit the recovery of declining bear 
populations and aid in maintaining genetic diversity (Beecham et al. 2016).  Also, rehabilitation 
centers often provide all the funding necessary for caring for orphaned bears (Beecham 2006).  
Despite these benefits, bear rehabilitation is rarely used by wildlife officials (Beecham et al. 
2016).  There is concern about the survival of rehabilitated bears in the wild and possible effects 
of newly-released bears on local bear populations by disease transmission and undesirable 
conflict behavior among conspecifics (Waples and Staggol 1997, Huber 2010, Beecham et al. 
2016).  Beecham et al. (2015) reported direct conflict with humans and rehabilitated individuals 
was also a concern of managers.   
Fates of Orphaned American Black Bears  
Between 1973 and 1983, Alt and Beecham (1984) released 39 pen-reared American black bears 
to the wild in Idaho.  All bears were released at ≥5 months of age and marked with ear tags (Alt 
and Beecham 1984).  Twenty-three bears were released as cubs, 14 as yearlings, and 2 as 6-year-
olds.  Alt and Beecham (1984) classified reintroductions as successful if orphans were recaptured 
alive after 30 days in the wild in non-conflict situations.  There were 5 successes, 4 failures, and 
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14 unknown outcomes for bears released as cubs and 9 successes and 5 unknown outcomes for 
bears released as yearlings (Alt and Beecham 1984).   
Stiver et al. (1997) studied the fates of 23 American black bears raised in captivity and 
released to the wild in the southern Appalachian Mountains of North Carolina and Tennessee 
between 1982 and 1995.  Mean release age of bears was 2.5 (SE = 0.5) years (Stiver et al. 1997).  
All bears were marked with ear tags and/or identification tattoos, and 7 bears were telemetered 
with VHF radio-tracking collars (Stiver et al. 1997).  Stiver et al. (1997) determined the fates of 
4 of 7 and 3 of 16 bears that were telemetered and not telemetered, respectively.  Five bears were 
involved in post-release conflict behavior and 6 bears died (Stiver et al. 1997).  Distances 
between release sites and final locations ranged from 0.1 to 25.2 km and were determined for the 
7 telemetered and 4 of the non-telemetered bears based on 1 bear being relocated, 1 involved in a 
car collision, and 2 being killed by hunters (Stiver et al. 1997.  
During 2002 and 2003, Binks (2008) used VHF telemetry to track 73 American black 
bears rehabilitated and released from 1 of 3 different facilities or wild-trapped as controls by 
wildlife officials in Ontario, Canada.  Binks (2008) reported a tracking collar failure rate of 53% 
(n = 39).  Survival rates of rehabilitated bears ranged between 0.70 and 0.93 depending on the 
rehabilitation facility from which they were released, and the survival rate for the control group 
was 0.68 (Binks 2008).  Bears dispersed, on average, between 23.3 and 55.7 km and did not 
exhibit homing behavior based on directionality of movements (Binks 2008).  Cause of death for 
the 10 bears that died during the first year after release were hunter kill (n = 6), removal because 
of conflict (n = 3; Binks 2008), and vehicle collision (n = 1).   
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Beecham et al. (2015) performed a meta-analysis of 550 bears released from captive-
rearing facilities throughout the world between 1991 and 2012, including 424 American black 
bears from 7 different rehabilitation facilities.  American black bear release ages ranged from 11 
to 23 months and overall, annual survival across programs was 0.73 (n = 209; Beecham et al. 
2015).  Modeling suggested survival was most affected by age at orphaning, release weight, and 
the interaction between these 2 variables (Beecham et al. 2015).  The main cause of mortality 
was hunter harvest (53.3%), followed by conflict removals (28.3%), vehicular collisions 
(13.3%), predator kills (3.3%), and natural mortality (1.7%).  Distances between release sites and 
harvest locations of American black bears ranged from 1 to 251 km (Beecham et al. 2015).  Only 
6.1% (n = 26) of American black bears were involved in post-release conflict behavior.   
Myers (2015) used GPS tracking collars to follow the post-release movements, space use, 
denning ecology, and resource selection of 6 American black bear cubs rehabilitated and released 
to the wild in Utah during 2014.  Five of the cubs retained their collars for about 18 months, and 
distances between release sites and first dens ranged from 0.4 to 24.9 km.  Mean den entrance 
and emergence dates for the 2014–2015 winter were 16 December and 11 April, respectively, 
and the mean den entrance and emergence dates for the 2015–2016 winter were 1 December and 
10 April, respectively.  The mean annual rate of movement was 103.3 m/hr for these bears.  
Movement rates and space use increased from 95.0 m/hr and 42.4 km2, respectively, during pre-
hyperphagia to 116.3 m/hr and 51.1 km2, respectively, during hyperphagia.  Aspen (Populus 
tremuloides) was the most strongly selected vegetation type (Myers 2015).   
Smith et al. (2016) used VHF telemetry to follow 11 yearling American black bears 
released from a rehabilitation facility in New Hampshire during 2011 and 2012.   These bears 
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were monitored for 6 months post-release.  One bear prematurely dropped its collar, and 10 bears 
survived the first 30 days after release.  Six of 7 bears released during 2011 survived >6 months, 
and none of the 3 bears released during 2012 survived.  Most mortality was human-related 
(hunter harvest, n = 2; poaching, n = 1; or human-bear conflict, n = 1).  Three bears that engaged 
in post-release conflict were released in 2012.  The mean distance from release sites to the 
mortality locations was 15.9 km (Smith et al. 2016).     
Care, Release, and Monitoring of Orphaned American Black Bears at Appalachian Bear 
Rescue, Townsend, Tennessee, USA 
Appalachian Bear Rescue, located in Townsend, Tennessee, USA (formerly Appalachian Bear 
Center) has been caring for injured and orphaned bear cubs and yearlings since 1996.  
Appalachian Bear Rescue was originally established to care for injured and orphaned bears 
discovered by TWRA and GSMNP.  However, ABR has also cared for bears from Arkansas, 
Kentucky, Virginia, North Carolina, South Carolina, Georgia, and Louisiana (ABR 2016).  
Appalachian Bear Rescue is privately funded, consists of 7 employees, and is governed by a 
board of directors. 
From 1996 to November 2015, ABR has cared for 203 bears.  Of those, 167 (82.3%) 
bears were released into the wild after rehabilitation; most released bears (n = 136, 81.4%) 
originated in Tennessee.  The remaining non-released bears were either placed in zoos or 
sanctuaries (n = 11, 5.4%), fostered to wild females (n = 8, 3.9%), escaped (n = 2, 1.0%), or died 
prior to release (n = 15, 7.4%).  Unfortunately, the majority (n = 156, 93.4%) of bears from ABR 
were not followed after release into the wild and thus their fates were mostly unknown.   
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Clark et al. (2002) studied the fates of 11 American black bears released to the wild from 
ABR during 1998.  At that time, ABR received 1 yearling from GSMNP and 10 cubs from the 
Tennessee Wildlife Resources Agency (TWRA).  After rehabilitation, researchers fitted the 11 
bears with VHF radio-tracking collars to estimate short-term survival post-release (Clark et al. 
2002).  Clark et al. (2002) reported the probability of survival to 120 and 180 days after release 
was 0.90 and 0.77, respectively, assuming 2 bears of unknown fate died.  Straight-line distances 
between release sites and collar recovery locations ranged from 0.6 to 34.9 km, and no bears 
were observed in conflict behavior following release (Clark et al. 2002).  Not including bears 
from this study, there have been a number of anecdotal reports from wildlife officials regarding 
released bears being legally harvested (n = 2), poached (n = 1), killed in car collisions (n = 1), or 
involved in post-release conflict (n = 4).    
Better estimates of post-release survival and activity of rehabilitated bears are crucial for 
wildlife managers.  Managers must know if rehabilitated bears survive and avoid post-release 
conflict similar to wild conspecifics to justify reintroductions and the costs and resources 
allocated to bear rehabilitation.  Most prior research on bear rehabilitation was limited to short 
time periods, comprised of few telemetered bears, used less precise VHF telemetry, or employed 
no post-release tracking at all.  Some studies were based on the assumption that if eartagged 
bears were not subsequently recovered, that the animal survived and the rehabilitation was 
successful.  Clearly, this will positively bias estimates of survival.  Information of post-release 
travel is important to managers deciding on release sites for rehabilitated bears especially as the 
current expansion of human settlement along the urban-wildland interface increases the potential 
for human-bear conflict (Evans et al. 2014, Beecham et al. 2015).  VHF telemetry is not as 
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precise as Global-Positioning-System-derived relocation data, which can provide managers with 
more reliable estimates of post-release movements.  Furthermore, survival estimated using GPS 
telemetry is more precise than using VHF telemetry as researchers are notified almost 
immediately of mortality events.  Collectively, data generated using current GPS technology can 
provide wildlife managers with more complete and accurate information when considering 
rehabilitation as an option for orphaned and/or injured American black bears.  Finally, sample 
sizes should be adequate to capture the natural variability and reduce the sampling bias that can 
result when only a few animals are tracked for a limited period of time. 
Objectives and Hypotheses  
The purpose of this study was to estimate first-year survival, cause-specific mortality, and 
conflict behavior of American black bears released from ABR during 2015 and 2016 using GPS 
technology and compare results with what is known about both parameters for wild conspecifics 
and other rehabilitated bears.  My specific objectives were to (1) estimate first-year survival; (2) 
identify key variables affecting survival; (3) determine cause-specific mortality; and (4) assess 
conflict behavior of bears released from ABR.  I hypothesized that bears rehabilitated at ABR 
would survive at similar rates, die from similar causes, and engage in similar conflict behavior to 
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Orphaned American black bears (Ursus americanus) are a concern for wildlife managers (Stiver 
et al. 1997).  Reasons for orphaning are both natural and anthropogenic.  Unfavorable 
environmental conditions (e.g., drought, fire, or flooding) can lead to bear mothers abandoning 
their cubs (Clark et al. 2002, Waller et al. 2012).  In addition, habitat loss, poaching, and human-
bear conflict increases the numbers of orphaned bears (Beecham et al. 2016).    
Many residents currently living in urban settings demand action for injured and orphaned 
wildlife (Lindsey and Adams 2006).  Some individuals believe orphan bears should receive an 
opportunity for reintroduction into the wild and expect wildlife managers to assist (Beecham et 
al. 2016).  As bear and human population densities around the urban-wildland interface increase, 
so may the numbers of orphaned bears.  Options for aiding orphaned American black bears 
include non-intervention, humane euthanasia, reuniting bears with their biological mother, 
fostering bears to wild, adoptive females, transporting bears to a permanent, captive facility and 
transporting bears to a rehabilitation facility for eventual release back into the wild (Beecham 
2015). 
The major benefit of placing orphans in rehabilitation programs is that they can offer 
managers the option of releasing bears back into the wild if biological or surrogate mothers 
cannot be located (Beecham 2006).  Proper rehabilitation and release can also benefit the 
recovery of declining bear populations and aid in maintaining genetic diversity (Beecham et al. 
2016), and rehabilitation centers often provide funding necessary to care for orphaned bears 
(Beecham 2006).  Despite these benefits, wildlife officials rarely use this option (Beecham et al. 
2016).  There is concern about the survival of rehabilitated bears in the wild as well as possible 
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effects of released bears on local bear populations through disease transmission and encouraging 
undesirable conflict behavior among conspecifics (Waples and Staggol 1997, Huber 2010, 
Beecham et al. 2016).  Managers may also have reservations regarding direct conflict with 
humans and rehabilitated individuals (Beecham et al. 2016).   
Captive care and release of American black bears to the wild has been in practice for 
decades (Beecham et al. 2016).  However, the post-release information currently available for 
rehabilitated American black bears is limited and largely derived from studies incorporating 
small sample sizes, 1 age class of young bears (cubs or yearlings), short study periods, or no or 
limited post-release tracking.  Studies relying on capture-recapture data for survival information 
require large data sets to compare between sexes and age classes (Sorenson and Powell 1996), 
and early studies used opportunistic reports of released bears or tracking with Very High 
Frequency (VHF) telemetry.   
Relying on future ear tag identification of bears can positively bias survival rates of bears 
if ear tags are lost prior to recapture or if bears are never recaptured.  Alt and Beecham (1984) 
relied on ear tag identification to follow captive-reared and released American black bears.  
However, the fate of many of these bears was unknown as most bears were never recovered.  
Releases were considered successful if bears were recaptured alive without conflict after 30 days.  
A short study period could also have failed to accurately estimate survival and post-release 
conflict. 
Using VHF telemetry, bears of unknown fate may be censored (e.g. removed from the 
study at that time) due to detection limitations, which could positively bias survival results if 
censoring was due to actual mortality rather than radio failure (Sorenson and Powell 1996).  
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Stiver et al. (1997) telemetered a small cohort of captive-reared American black bears.  All bears 
received ear tags and/or identification tattoos, and 7 bears were fitted with VHF tracking collars 
(Stiver et al. 1997).  Stiver et al. (1997) was able to determine the fates of 4 out of 7 bears using 
telemetry and only 3 of the 16 bears that were marked with tags.  Clark et al. (2002) collared 11 
cubs and yearling American black bears and monitored survival to 180 days.  Seven of the 11 
bears dropped their collars before 180 days.  One collar was never retrieved, and radio contact 
with 1 bear was lost (Clark et al. 2002).  Binks (2008) analyzed 73 American black bears 
rehabilitated and released in Ontario, Canada but 53% of the collars failed or became detached 
from the bear during the first year after release.  Beecham et al. (2015) also analyzed a large 
sample size of 550 rehabilitated yearling bears, including American black bears.  However, he 
reported that 30% of all bears were not located post-release and, consequently, their fates were 
recorded as unknown (Beecham et al. 2015).  Including these bears as successes would positively 
bias survival estimates, but excluding them would negatively bias estimates because harvested 
bears were more likely to be included in the analysis than bears dying from other causes.   
Global positioning system (GPS) collars provide precise data with better estimates of 
post-release survival and movements than VHF technology.  Knowledge of post-release activity 
of released bears is crucial for managers deciding on release sites, especially in the urban-
wildland interface where expansion of human and bear populations increase the potential for 
human-bear conflict (Evans et al. 2014, Beecham et al. 2015).  Myers (2015) and Smith et al. 
(2016) used GPS wildlife tracking collars to follow American black bears post release, but both 
collared small sample sizes consisting of 1 age class of young bears and thus were not able to 
analyze survival based on differing release ages.  Also, Smith et al. (2016) only tracked bears for 
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6 months.  Longer study periods (e.g. 1 year or more) may increase the ability to capture the 
effects of variation in natural food abundance in the wild on survival and post-release conflict.  
Therefore, advanced technology combined with large sample sizes and longer study durations for 
monitoring rehabilitated bears is needed to thoroughly evaluate rehabilitation as a management 
tool.  
Appalachian Bear Rescue, located in Townsend, Tennessee, USA, has been caring for 
injured and orphaned bear cubs and yearlings since 1996.  As of November 2015, ABR had 
cared for 203 bears from Tennessee, North Carolina, Arkansas, Kentucky, Virginia, North 
Carolina, South Carolina, Georgia, and Louisiana (ABR 2016).  Of those, 167 (82.3%) bears 
were released to the wild after rehabilitation; most released bears (n = 136, 81.4%) have been 
from Tennessee.  The remaining 36 bears were either placed in zoos or sanctuaries (5.4%), 
fostered to wild females (3.9%), escaped (1.0%), or died prior to release (7.4%).  Clark et al. 
(2002) followed 11 of these bears post-release.  Unfortunately, the majority (n = 156, 93.4%) of 
bears released into the wild from ABR were not followed, thus, their fates were mostly unknown.  
Of this majority, ABR received occasional reports from wildlife officials regarding released 
bears being legally harvested (n = 2), poached (n = 1), killed in car collisions (n = 1), or involved 
in post-release conflict (n = 4).  This information provided limited anecdotal information about 
ABR bear survival, post-release movements, and conflict activity, but prevented ABR from 
contributing needed, sound post-release data of rehabilitated bears to the scientific community.     
Knowledge of post-release survival and conflict behavior of rehabilitated bears is crucial 
for wildlife managers.  Managers must know if released rehabilitated bears survive similar to 
wild conspecifics.  With urban sprawl increasing and former bear habitat decreasing, managers 
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also need information on the potential for rehabilitated bears to engage in post-release conflict.  
Managers often have restricted access to remote release sites far from human settlement 
(Beeman and Pelton 1976).  Planning releases for American black bears must consider the 
potential for long-distance travel of bears (Liley and Walker 2015) and the availability of 
anthropogenic foods (Merkle et al. 2013).  The greatest driver for human-bear conflicts is the 
spatial arrangement of humans (anthropogenic foods) and black bear habitat (Spencer et al. 
2007).  For rehabilitation of bears to be accepted and effective, managers need information 
comparing survival and conflict behavior with bears in the wild.    
  The purpose of this study was to estimate first-year survival and conflict behavior of 
American black bears released from ABR during 2015 and 2016 and compare results with 
parameters for wild conspecifics and other rehabilitated bears.  My specific objectives were to 
(1) estimate first-year survival; (2) identify key variables affecting survival; (3) determine cause-
specific mortality; and (4) assess conflict behavior of bears released from ABR.  I hypothesized 
that bears rehabilitated at ABR would survive at similar rates, die from similar causes, and 
engage in conflict behavior similar to wild conspecifics. 
Methods 
Study Area 
I conducted my study in Cherokee National Forest (CNF), Tennessee and GSMNP, Tennessee 
and North Carolina, USA (Figure 1, APPENDIX).  Both GSMNP and CNF lie within the Unaka 
Mountain Range of the Blue Ridge province, which is in the southern division of the 
Appalachian Mountain Range (Fenneman 1938, King et al. 1968).  The Unaka Mountains face 
the Appalachian Valley and parts of the Valley and Ridge provinces on the northwest and create 
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a barrier between the valley and the rest of the Blue Ridge Province in North Carolina (King et 
al. 1968).   
Great Smoky Mountains National Park was a 2,072-km2 area of federally protected 
mountainous, temperate forest in eastern Tennessee and western North Carolina (Yarkovich et al. 
2011).  Steep slopes are common in GSMNP, and elevations range from 266 m in the foothills 
around the Little Tennessee River to 2,025 m in the highlands on Clingman’s Dome (Southworth 
2012).  Average annual rainfall varied from 140 to 220 cm between lower and higher elevations, 
respectively (Shanks 1954, Matmon et al. 2003).  Jenkins (2007) grouped vegetation 
communities found in GSMNP into 11 major types, which consisted of montane alluvial forests, 
early successional forests, cove forests, hemlock (Tsuga canadensis) forests, montane oak 
(Quercus spp.)-hickory (Carya spp.) forests, xeric ridge forests, high-elevation hardwood forests, 
Red spruce (Picea rubens)- Frasier fir (Abies fraseri) forests, heath balds, grassy balds, and 
pasture and old fields.  Montane oak-hickory forests were the most common forest type, covering 
31% of GSMNP between 340 and 1370 m, and dominated by northern red oak (Quercus rubra) 
(Jenkins 2007).  The U.S. Department of the Interior managed GSMNP and hunting was 
prohibited in all areas. 
The CNF consisted of 2630-km2 of public land in 10 counties in eastern Tennessee and 1 
county in western North Carolina (United States Department of Agriculture 2004).  The CNF 
was separated by GSMNP into northern and southern regions.  Average annual rainfall in the 
CNF ranged between 101.6 and 190.5 cm (United States Department of Agriculture 2004).  Nine 
major forest communities were described for the CNF and consisted of northern hardwood 
forests, montane red spruce-fir forests, mixed mesophytic-hardwood forests, conifer-northern 
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hardwood forests, dry to mesic oak forests, dry to mesic oak-pine (Pinus spp.) forests, xeric oak 
forests, xeric pine forests, and eastern riverfront and river floodplain hardwood forests (United 
States Department of Agriculture 2004).  The U.S. Department of Agriculture Forest Service and 
the Tennessee Wildlife Resources Agency (TWRA) jointly managed the CNF.  The majority of 
the land was open to hunting within legal seasons managed by TWRA except on recreational or 
administrative sites.  Bear hunting and using dogs to hunt wild boar (Sus scrofa) were not 
allowed on any of the 6 bear reserve areas (United States Department of Agriculture 2016). 
Bear Capture, Evaluation, and Collaring after Housing at ABR 
Curators employed by ABR cared for the bears, and someone was present at the site 24 hrs/day 
as mandated by TWRA.  I temporarily housed neonate cubs and injured bears in secured, clean 
cages within climate-controlled buildings until they were ready for release into larger 
acclimation pens or into wild enclosures.  There were 4 wild enclosures at ABR with each being 
about 0.20 ha in size (Figure 2).  Each wild enclosure consisted of chain link fencing about 3 m 
in height (enclosure fencing) surrounded by a similar fence 4.5 m outside the perimeter 
(perimeter fencing).  I electrified the interior fencing with 3–5 strands of wire at the bottom 
portion of the fencing and 2 strands at the top.  The outside fence was covered by heavy, dark 
material as a visual barrier.  All wild enclosures resembled natural forested settings and included 
natural ground cover and various tree species for bears to climb (including tulip poplars, 
hemlocks, oaks, and hickories).  I equipped enclosures with large plastic water tubs for drinking 
as well as large-diameter (2.5-m), plastic pools for wading.  I threw and scattered all food over 
the fencing from behind the blind to prevent bears from seeing curators and to encourage natural 
foraging behavior.  I limited feedings to one time per day or every other day to limit human 
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presence (auditory and olfactory) at the bear areas.  Foods consisted of a commercially available 
pelleted bear diet (Mazuri Bear Diet, Purina Mills LLC., Gray Summit, Missouri, USA) in 
addition to supplementation of a selection of seasonally available natural foods, including 
blackberries (Rubus spp.), blueberries (Vaccinium spp.), muscadines (Vitis rotundifolia), and 
acorns (Quercus spp.).  On occasion, I gave bears carrion such as fresh-killed white-tailed deer 
(Odocoileus virginianus) carcasses.    
I evaluated health status and sufficient weight gain of bears, food availability in the wild, 
and hunting season before considering release from the facility.  I allowed injured bears to heal 
following treatment plans outlined by the University of Tennessee’s College of Veterinary 
Medicine (UTCVM).  I was not able to weigh bears prior to capture from the enclosures but 
monitored bears for sufficient weight gain via visual observations of body size during housing.  I 
deemed bears had gained sufficient weight for release based on estimated masses (>18 kg) and 
the appearance of adequate adipose tissue.  I coordinated release dates between ABR and the 
jurisdictional authority responsible for the bear.  I immobilized bears and monitored temperature, 
pulse, respiration, and saturated oxygen concentration (Williamson et al. 2018).  I weighed, 
measured, tagged (ear tags, lip ID tattoo, and Passive Integrated Transponder (PIT) tag), and 
outfitted bears with GPS radio-collars (Vectronic Aerospace GmbH, GPS PLUS Iridium, Berlin, 
Germany).  After workups, wildlife officials transported bears and released bears in GSMNP or 
CNF to areas as close to their origination sites as possible.  I used hard-release methods without 
an acclimation period for all releases (Clark 2009) and released bears in forested settings away 
from human habitation and disturbance when possible.  The University of Tennessee’s 
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Institutional Animal Care and Use Committee (UT-IACUC No.: 2451) approved all animal 
procedures.  
Post-Release Monitoring  
I programmed collars to take 1 location every 3 hours.  I pre-programmed all collars with 
mortality event alert capabilities, which sent an email and/or text message when collars went into 
mortality mode (motionless for 8 to 24 hours).  I pre-programmed collars with hibernation delay 
sensors and a scheduled drop-off mechanism to release the collars after about 1 year (scheduled 
drop).  I downloaded bear locations using GPS Plus X software (Vectronic Aerospace) and 
monitored locations via Google Earth (Google Inc., Google Earth, Mountain View, California, 
USA).  I used a drop-off receiver and 2-element antenna (Vectronic Aerospace) to remotely 
communicate with the collar for drop-off prior to one year if I suspected that the bear was in 
danger of outgrowing the collar.  I investigated all mortality events in the field by traveling to the 
last-known coordinates for the collar and using the VHF beacon transmitter to locate the collar.  I 
assessed mortalities versus premature drops by searching a ≥10-m diameter area for a bear 
carcass or other remains.  I relied on aerial telemetry by a TWRA licensed pilot if a bear’s last-
known location was not available.         
Survival Analysis  
I modeled survival in Program MARK (White and Burnham 1999) using Kaplan-Meier known-
fate methods (Pollock et al. 1989).  I used R (R Core Team 2018) to create capture history input 
files for Program MARK.  I standardized the start times so that the capture history for each bear 
began on week 1; i.e., all bears had the same start dates (Clark et al. 2002).  In this way, the first-
year post-release survival rates would be comparable across animals, regardless of when they 
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were released.  End times were the last day bears were known to wear their collars or 2 days 
prior to collars entering mortality mode; the 2-day period was to account for a potential 24-hr 
delay in when the mortality occurred and when the collar entered mortality mode.  I coded 
capture histories as weekly intervals and performed separate analyses grouping by sex (male or 
female) and release age (released as cubs or yearlings).  When grouped by sex, I entered release 
age as an individual continuous covariate based on the estimated age (days) of bears at release.  
For age determination, I assumed all bears were born on 17 January based on black bear 
parturition data collected in Virginia by Bridges et al. (2011).  I estimated release ages of bears 
by calculating the differences (days) between dates that bears were released and 17 January of 
the birth year.  When grouped by release age, I entered release age as a categorical variable.  I 
considered bears released at <12 months old to be cubs and bears released at ≥12 and <24 
months old to be yearlings.           
When grouped by sex, I constructed all survival models using individual covariates 
consisting of release age (days), release area (GSMNP or CNF), age at intake (days), release 
mass (kg), number of days at ABR (care days), total distances traveled (km), and maximum 
dispersal distances from release sites (km).  I estimated age at intake by calculating the 
differences (days) between dates that bears entered the rehabilitation facility and 17 January of 
the birth year.  I calculated the number of care days as the differences (days) between dates of 
bear intake and release.  When grouped by release age, I constructed all survival models using 
individual covariates consisting of sex (male or female), release area (GSMNP or CNF), age at 
intake (days), release mass (kg), number of days at ABR (care days), total distances traveled 
(km), and maximum dispersal distances from release sites (km).  I did not model combinations of 
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distance metrics and age variables due to possible correlative effects within the data (e.g., older 
bears may have had greater travel rates than younger bears).  I evaluated support for models 
using Akaike’s Information Criterion (Akaike 1974) corrected for small sample sizes (AICc, 
Burnham and Anderson 2002) generated within Program MARK.  I defined the best or most 
parsimonious model as that with the lowest AICc value.  I considered competing models where 
differences in AICc values (ΔAICc) were ≤2.0 (Burnham and Anderson 1998).  I considered 
effects to be supported if 95% confidence intervals around β-values excluded zero.  I compared 
survival estimates of bears released from ABR to survival estimates of wild conspecifics and 
rehabilitated bears from published reports.   
I determined cause-specific mortality of bears when possible; I transported carcasses and 
remains to the University of Tennessee’s College of Veterinary Medicine (UTCVM) for 
necropsy.  I censored bears from the analysis when their collars malfunctioned and ceased 
transmitting location data or when bears dropped their collars prior to the end of the study period 
(52 weeks).  I did not include bears in the survival analysis beyond the dates they were censored 
if they were rediscovered later (alive or dead) to prevent potential bias in results (Beecham et al. 
2015).  If a bear was censored and its collar was not retrieved (fate unknown), I estimated 
survival 2 ways.  I estimated survival assuming the bear died (pessimistic estimate) and 
estimated survival assuming the bear lived (optimistic estimate), thus bracketing the estimates 
based on assumptions related to unknown fates.  I estimated survival by release age class (cubs 
or yearlings) by using the survival analysis that grouped by release age (categorical release age).  
I estimated overall annual survival (pessimistic and optimistic estimates) by model averaging 
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survival estimates using the survival analysis that grouped by sex (release age as continuous 
covariate).       
Spatial Data Analysis  
I minimized GPS location error by screening data for positional dilution of precision (PDOP) 
values and fix type (2D or 3D) (Lewis et al. 2007).  I calculated data retention values for my data 
using the following four different screening methods and used the method that minimized the 
most location error but retained the most data: removing 2D locations with a PDOP >5, 
removing all 2D locations, removing 2D locations with a PDOP >5 and removing 3D locations 
with a PDOP >10, and removing all 2D locations and removing 3D locations with a PDOP >7 .  
Start dates for spatial analyses were the dates immediately after the dates I released the bears.  
End dates were 2 days prior to the dates collars first entered mortality mode or were retrieved 
prior to entering mortality mode to account for a 24-hr mortality delay and investigator 
disturbance when remotely releasing collars.     
Movement metrics and associated maps were generated using a geographic information 
system and the Tracking Analyst tool within the software package ArcMap version 10.5 
(Environmental Systems Research Institute, Inc., Redlands, California, USA).  Movement 
metrics included total distances traveled (km), annual dispersal distances from release sites (km), 
and maximum dispersal distances from release sites (km).  I estimated annual and maximum 
dispersal distances as the Euclidean distances from a bear’s release site to its last-known location 
or its farthest location from its release site, respectively.  I estimated total movement and annual 
dispersal only for bears that I monitored with telemetry for >90% of a full year (>328.5 days).  I 
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used total distances traveled and maximum dispersal distances from release sites as covariates in 
my survival analysis.     
Conflict Behavior 
I relied on state and federal wildlife agencies to report conflict behavior of collared bears.  I did 
not consider reports of general sightings of collared bears as conflict incidents, and reports of 
conflict behavior of released bears were not solicited from the public to prevent bias of reporting 
(Smith et al. 2016).  I assumed that all bears engaging in conflict behavior were identified 
(Beecham et al. 2015).  I calculated the percentage of released bears engaging in conflict 
behavior during the first year after release as the number of bears reported in conflict situations 
divided by the total number of released bears in the study.  
Results 
I rehabilitated, collared, and released 42 American black bears (23 males and 19 females) from 
ABR between 2015 and 2017 (Table 1, APPENDIX).  I released 13 bears as cubs, and 29 as 
yearlings.  Most (73.8%) bears were released to GSMNP (CNF = 11, GSMNP = 31).  Release 
ages of bears ranged from 292 to 548 days (𝑥 ̅= 414, SE = 11.9).  Age at intake ranged from 98 
to 238 days (𝑥 ̅= 179, SE = 9.1) for bears released as cubs and 273 to 493 days (𝑥 ̅= 347, SE = 
9.9) for bears released as yearlings.  Release weights ranged from 23.4 to 56.2 kg (𝑥 ̅= 37.4, SE = 
3.0) for cubs and 18.1 to 45.4 kg (𝑥 ̅= 29.8, SE = 1.3) for yearlings.  Care days ranged from 90 to 
198 days (𝑥 ̅= 128, SE = 7.2) for bears released as cubs and 55 to 190 days (𝑥 ̅= 115, SE = 7.7) 
for bears released as yearlings.  Twenty-one bears retained their collars for more than a year, and 
24 retained their collars for >90% of a full year.  Collar retention ranged from 6 to 447 days (?̅? = 
305, SE = 22.3).  I recovered 41 of 42 (97.6%) GPS collars.  I recorded 93,640 post-release 
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locations prior to screening the data for fix type and DOP.  My method of screening the location 
data by removing all 2D fixes and removing all 3D fixes with a PDOP >7 resulted in 93.8% data 
retention (Table 2).  Finally, 57,243 locations remained after removing locations outside the 
release and 1-year duration.  Total distance traveled ranged from 5.5 to 504.2 km (?̅? = 223.2, SE 
= 44.8, n = 13) for bears released as cubs and 3.9 to 722.7 km (?̅? = 339.7, SE = 33.2, n = 27) for 
bears released as yearlings (Figure 3).  Annual dispersal distance from release sites ranged from 
4.4 to 23.3 km (?̅? = 12.5, SE = 2.4, n = 4) for bears released as cubs and 1.2 to 21.1 km (?̅? = 
10.9, SE = 1.2, n = 20) for bears released as yearlings (Figure 4).  Maximum dispersal distance 
from release sites ranged from 1.4 to 30.8 km (?̅? = 8.7, SE = 2.2, n = 13) for bears released as 
cubs and 1.5 to 55.0 km (?̅? = 14.7, SE = 2.2, n = 27) for bears released as yearlings (Figure 5).      
I recorded 4 known bear mortalities 1-year post-release, all of which were released as 
cubs.  Bear 946’s collar was never recovered.  Therefore, the estimate of overall bear survival 
was bracketed with this bear assumed dead (pessimistic estimate) and assumed alive (optimistic 
estimate) at the date it was censored.  Pessimistic and optimistic overall annual post-release 
survival estimates of bears were 0.88 (SE = 0.065) and 0.93 (SE = 0.059), respectively.  The 
highest-ranked pessimistic model accounting for 50% of the AICc weight (wi) consisted of total 
distance traveled as a covariate (β = 0.0074, 95% CI = 0.0015–0.0133, Table 3).  The model 
consisting of release age (wi = 0.19, β = 0.0123, 95% CI = -0.0004–0.0251) was a competing 
pessimistic model (ΔAICc = 1.87).  The highest-ranked optimistic model accounting for 37% of 
the weight consisted of release age as a covariate (β = 0.0200, 95% CI = -0.0006–0.0406, Table 
4).  The model consisting of total distance traveled (wi = 0.34, β = 0.0086, 95% CI = 0.0017–
0.0154) was a competing optimistic model (ΔAICc = 0.20).  Cubs had lower survival (0.64, 95% 
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CI = 0.35–0.86) than yearlings (1.00, 95% CI = 1.00–1.00).  Vehicular collisions were 
responsible for 2 deaths (both females), one was removed because of conflict (male), and the 
cause of death for one bear was undetermined (female).  Seven bears came from known, habitual, 
conflict mothers (Table 5) although only 3 (7.1%) of the released bears engaged in conflict 
behavior within 1 year post-release.  The 3 released bears with conflict behavior all had mothers 
with conflict histories.  The other 4 rehabilitated offspring of known, conflict mothers did not 
engage in conflict behavior one-year post-release. 
Discussion 
Survival 
Modeling survival using release age as a categorical variable produced standard errors of zero for 
bears released as yearlings.  This can be attributed to no deaths observed in the class of bears 
released as yearlings.  However, the model using release age as a continuous covariate was also 
supported, and the 95% CI of the β-value only narrowly overlapped zero.  I therefore conclude 
that there was support for a release age effect on survival.      
 Pessimistic (0.88) and optimistic (0.93) overall annual survival rates of bears released 
from ABR were among the highest (0.45–0.94) reported for wild yearling and subadult 
American black bears in the southern Appalachians (McLean and Pelton 1994, Ryan 1997, Lee 
and Vaughan 2005).  My estimates of overall annual survival were within the range of short-term 
(to 180 days) ABR bear survival rates (0.77–1.00) found by Clark et al. (2002), but estimated at 
twice the duration.  My pessimistic and optimistic estimates of ABR bear survival was similar to 
or higher than the highest survival rate for rehabilitated bears (0.50–0.90) reported by Beecham 
et al. (2015) for 7 different black bear rehabilitation facilities throughout North America.  
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However, I used more advanced telemetry methods (GPS) and a larger sample size than most (5 
of 7; 71.4%) of the black bear rehabilitation facilities they analyzed (Beecham et al. 2015).  Also, 
many of the bears in my study were released as cubs, which would typically have lower survival 
rates than yearlings.       
Comparable studies of survival for wild bears in protected areas included those by 
Sorenson and Powell (1998) who used percent survival estimation to calculate survival between 
age classes.  One-year-old survival was estimated at 0.77 (SE = 0.12), and 2-year-old survival 
was estimated at 0.80 (SE = 0.08) for American black bears radio-telemetered in Pisgah Bear 
Sanctuary in North Carolina, USA (Sorenson and Powell 1998).  McLean and Pelton (1994) 
estimated survivorship by age class for female bears in protected areas of GSMNP (1972–1989) 
and CNF (1978–1989).  Survival between the 1.5 and 2.5-year-old classes was 0.88 in GSMNP 
and 0.84 in CNF (McLean and Pelton 1994).  Wild bear survival in protected areas of the 
southern Appalachians appears to be similar to my estimate of survival for bears released as cubs 
(0.64) and slightly lower than my estimate for bears released as yearlings (1.00).  My survival 
rate reported for bears released as yearlings is also higher than the combined yearling survival 
rate (0.81, 95% CI = 0.67–0.96) reported for bears released from 3 different black bear 
rehabilitation facilities in Ontario, Canada (Binks 2008).   
Most black bear rehabilitation facilities care for bears until they are yearlings, which in 
the wild occurs around the time of natural family breakup (Beecham et al. 2016).  In the southern 
Appalachians, the onset of separation between bear mothers and their young typically occurs 
between late May to early July with a peak in June when yearlings are 15–17 months old 
(Clevenger and Pelton 1990, Lee and Vaughan 2004).  Appalachian Bear Rescue is one of a few 
30 
 
bear rehabilitation facilities that releases bears as both cubs and yearlings which allowed me to 
study the effect of release age on rehabilitated bear survival.  The highest-ranked optimistic 
survival model in my study consisted of release age, and the 95% CI included zero, but only 
marginally (Table 4).  Likewise, release age was also a competing model in my pessimistic 
survival analysis, again with only marginal overlap of zero (Table 3).   
Beecham et al. (2015) did not find differences between survival rates of rehabilitated 
bears released as cubs (n = 54) and yearlings (n = 155) in their study.  Their top models 
explaining survival of released bears in Idaho, Montana, and Washington included age at 
orphaning, release weight, and the interaction between the two variables.  They found that 
survival increased with release weight for bears orphaned <8 months old and decreased with 
release weight for bears orphaned >8 months old (Beecham et al. 2015).  They suggested that 
heavier weights of younger bears may have compensated for inexperience in the wild and older, 
heavier bears may have been selected for harvest (Beecham et al. 2015).  Neither release weight 
nor intake age models were supported in my study.  However, the age at actual orphaning could 
not be determined with precision.  My models did not support release weight as an important 
predictor of survival possibly due to heavy release weights for all bears and bears being released 
to protected areas, where harvest was not permitted.     
Cause-Specific Mortality 
Causes of mortality may be a concern for managers if rehabilitated individuals are more 
susceptible to certain forms of mortality than their wild conspecifics.  Food shortages (Rogers 
1977), disease (Elowe and Dodge 1989), interspecific predation (Boyer 1949, Rogers and Mech 
1981), intraspecific predation (Rogers 1977, Lecount 1982, Alt and Gruttadauria 1984), and 
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flooding of natal dens (Alt 1984) are examples of natural causes of young bear mortality.  
Human-induced forms of mortality for young bears include harvest (Elowe and Dodge 1989, 
Beringer et al. 1998), den disturbance (Elowe and Dodge 1989), and vehicular collisions 
(Garrison et al. 2007, van Manen et al. 2012).  Released black bears homing toward origination 
ranges may be more susceptible to mortality events (Fies et al. 1987, Stiver 1991, Eastridge and 
Clark 2001, Wear et al. 2005).   
Translocated American black bears can travel large distances back toward their capture 
sites (Beeman and Pelton 1976, Fies et al. 1987) and dispersing young male bears may be 
particularly vulnerable (Schwartz and Franzmann 1992).  Therefore, I attempted to release ABR 
bears as close to their origination sites as possible in an effort to reduce post-release travel and 
encourage settling.  However, release sites were limited, and I could not be certain that bears 
were returned to their natal ranges.  Annual dispersal distances from release sites for ABR bears 
ranged between 1.2 and 23.3 km (?̅? = 11.2 km, SE = 1.4).  Binks (2008) did not attempt to 
release bears near their natal ranges and suggested that this practice may not prevent long 
dispersals.  He found wider-ranging annual dispersal distances from release sites than was 
observed in my study ranging from 1.1 to 171.7 km with means ranging between 23.3 and 55.7 
km for 3 bear rehabilitation facilities in Ontario, Canada.   
The top model in my pessimistic survival analysis and a competing model in my 
optimistic survival analysis consisted of total distance traveled.  Specifically, the data showed a 
positive relationship (slope) between total distance traveled by bears and survival.  This is 
contradictory to earlier reports that more transient bears are more susceptible to mortality.  
However, there were only 4 mortalities and 1 unknown fate in this study, which may have 
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attributed to this result.  All 4 known mortalities occurred within the age class of bears released 
as cubs, which were all released during the fall (November and December).  The onset of the 
denning period may have lessened the likelihood for these bears to travel prior to their deaths.  In 
the southern Appalachian region, the denning period typically ranges between late November 
and early May of the following year (Wathen et al. 1986).  This would have given the 4 bears 
that died less than 4 months to travel post-denning, whereas half of the bears in this study were 
given a full year to travel and survived the 1-year study period.               
  Wildlife officials in our area had limited access to remote, backcountry areas for 
releasing bears and therefore, most bears in my study were released a mean distance of 3.7 km 
(SE = 0.4) from a road.  Although I had relatively few mortalities in my study, 2 of 4 (50%) 
known deaths were from collisions with vehicles within one year after release, and both were 
females (bears 809, 941; Table 2).  Vehicular collisions can be a major source of mortality for 
black bears in the wild (Ryan et al. 2007).  Between 2007 and 2017, vehicular collisions 
accounted for over 50% of known American black bear deaths within GSMNP (R. H. 
Williamson, GSMNP, personal communication).  Beecham (2015) found that 8 of 60 (13.3%) 
rehabilitated black bears were killed from car collisions.  Smith et al. (2016) did not document 
any vehicular collisions of rehabilitated yearling black bears released in New Hampshire, but 
only monitored bears after release in the spring to denning that winter.  Myers (2015) did not 
report vehicular-caused or any other black bear mortalities in his study of 6 rehabilitated cubs in 
Utah that were tracked for up to 18 months in the wild. 
Tri et al. (2017) studied the survival of American black bears captured within the 
wildland-urban interface of Pennsylvania, New Jersey, and West Virginia and reported 1- to 2-
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year-old females appeared particularly vulnerable to vehicular mortality (33% of subadult female 
deaths vs. 8% of subadult male deaths).  Binks (2008) found that vehicular collisions accounted 
for 10% of rehabilitated black bear deaths 1 year following release in Canada.  He concluded that 
rehabilitated females may be more susceptible than wild-reared females to this form of mortality 
due to greater post-release travel.  Subadult females in the wild tend to remain within or close by 
their natal ranges, and males typically disperse (Schwartz and Franzmann 1992, Lee and 
Vaughan 2003).  Lee and Vaughan (2003) defined dispersal distances of wild subadult American 
black bears in Virginia as >15 km for males and >8km for females.  They reported no dispersals 
of yearling females (n = 14), whereas 37% of yearling males (n = 11) dispersed.  I found that half 
(50%) of bears dispersing >15 km (n = 8) from their release sites were female.  Although my 
movement metrics focused on dispersal distances from release sites rather than dispersal in an 
ecological sense, I make this comparison to demonstrate natural movements among sexes of 
wild, yearling bears to bears rehabilitated and released in my study.  I agree with Binks (2008) 
that rehabilitated subadult females may be more vulnerable to vehicular-related mortalities than 
wild subadult females due to higher post-release travel.  This may be a result of releasing 
rehabilitated females (and males) to unfamiliar areas because I did not know the precise locations 
of natal ranges.  It could also be because rehabilitated bears were orphaned at such a young age 
they had no recollection of their natal ranges.  
Harvest is the main cause of wild, subadult American black bear deaths (Lee and 
Vaughan 2005, Tri et al. 2017) and the main cause of mortality for rehabilitated American black 
bears (Binks 2008, Beecham et al. 2015, Smith et al. 2016) in areas where hunting is permitted.  
Bears in my study were released into protected areas where hunting was not permitted.  
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However, wild black bears can travel large distances (Liley and Walker 2015) and are certainly 
capable of moving outside protected areas and be exposed to harvest mortality (Sorenson and 
Powell 1996, Berringer et al. 1998).  Obbard et al. (2017) reported that American black bears 
were 7 times more likely to die outside of Algonquin Provincial Park than within its interior.  
Bear hunting is allowed on CNF lands adjacent to bear reserve areas and there is heavy hunting 
pressure along the periphery of GSMNP (Beeman and Pelton 1976).  Rehabilitated bears in my 
study and Clark et al. (2002) moved outside protected areas and were exposed to harvest risk.  I 
did not document any harvest-related mortalities of ABR bears 1-year post-release, but 3 of my 
study bears were taken by hunters following the 1-year post-release monitoring period.  Clark et 
al. (2002) reported one of their rehabilitated bears was legally harvested in the North Carolina 
bear hunting season after their study had concluded.      
Conflict Behavior   
Pelton and Burghardt (1976) estimated that 5% of the wild black bear population in GSMNP 
engages in conflict behavior.  Recent findings suggest the conflict rate of bears in GSMNP may 
be higher (J. Giacomini, unpublished data).  I found that 7.1% of rehabilitated bears in my study 
engaged in conflict behavior post-release, which appears similar to, or possibly less than conflict 
rates in the wild.  Similarly, Beecham et al. (2015) reported that 6.1% of 424 rehabilitated black 
bears engaged in conflict behavior in their study.   
Previous studies have found an inverse relationship between periods of low natural food 
availability and human-bear conflict in wild bears and in rehabilitated bears (Obbard et al. 2014, 
Smith et al. 2016).  Smith et al. (2016) reported that rehabilitated bears in their study only 
engaged in conflict behavior during a period when natural food availability was low. Two of the 
35 
 
3 conflict bears (810, 943) in my study were released during a regional hard mast failure and 
engaged in conflict behavior the following May.  The third ABR bear (931) was relocated after it 
was found opportunistically feeding on spilled grain and approaching humans during late 
September of 2016.  This bear’s sibling (930) was rehabilitated under identical conditions 
without reported conflict.  Ditmer et al. (2015) reported that wild bears, especially males, 
preferred calorically-dense foods such as sunflower seeds over natural foods when available and 
1 of my conflict bears (bear 943) was feeding from a bird feeder when reported.  All 3 bears that 
engaged in conflict behavior in my study were yearling males.  In GSMNP, 1 to 3-year-old males 
are most often responsible for conflict behavior (W. H. Stiver, GSMNP, personal 
communication).   
Wildlife officials euthanized 1 (2.4%; bear 810) of my study bears as a result of human 
conflict activity.  Binks (2008) reported that 3 out of 60 rehabilitated American black bears were 
shot by landowners due to conflict behavior 1-year post release.  Smith et al. (2016) reported 3 
male rehabilitated American black bear yearlings engaged in conflict within 1-year post-release 
during a time of poor natural food availability, and 2 of these conflict bears were killed by 
landowners (Smith et al. 2016).   
There is concern among wildlife managers that rehabilitated offspring of mother bears 
with conflict history are more likely to engage in post-release conflict than offspring of non-
conflict mothers (Beecham et al. 2015).  Current knowledge of black bear maternal foraging 
strategies on human foods and how it influences the learning of cub foraging strategies is 
conflicting (Breck et al. 2008, Hopkins 2013).  Breck et al. (2008) attributed cub foraging 
behavior to asocial learning mechanisms.  More recent findings suggest that the primary method 
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by which black bear cubs learn to forage on human foods is through social learning mechanisms 
by observing bear mothers (Hopkins 2013).  Beecham (2015) et al. did not find a link between 
rehabilitated offspring of known-conflict mothers and post-release conflict engagement of 
rehabilitated bears in their study.  Seven bears in my study came from known, habitual, conflict 
mothers and 3 released bears continued the behavior in the first year after release (Table 4).  Two 
of the 4 non-conflict rehabilitated bears had siblings involved in conflict behavior.  Almost half 
(43%) of conflict offspring engaged, and almost half (57%) did not engage.  Therefore, it appears 
that conflict behavior of the mother does not seem to influence human-bear conflict engagement 
in all offspring.  However, this does suggest that cubs from conflict-prone mothers have a greater 
chance of later being involved in conflict behavior themselves. 
Management Implications 
Bears rehabilitated and released from ABR survived at similar rates, died of similar causes, and 
engaged in similar post-release conflict to wild conspecifics.  Minimal human-bear interaction 
for care of injured or orphaned bears, careful selection of release sites close to original capture 
locations, and accelerated health restoration led to successful release of bears back to the wild.  
My results substantiate the findings of Clark et al. (2002) and Beecham et al. (2015) that 
rehabilitation is a defensible and effective alternative for managers dealing with orphaned and 
injured bears.  Although rehabilitated bears released as cubs had lower survival than bears 
released as yearlings, the survival rate for bears released as cubs was similar to the survival rates 
of wild conspecifics.  Therefore, releasing rehabilitated bears as cubs can be successful.  I would 
recommend releasing rehabilitated cubs during late fall prior to denning if natural foods are 
available.  If natural foods are scarce, I would recommend releasing these bears at heavy weights 
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(>18 kg) that fall or the following spring as yearlings.  Offspring of conflict mothers should be 
considered for rehabilitation based on results by Beecham et al. (2015) and conflicting results of 
this study, but these bears should be released to remote areas far from human settlement to lessen 
the chance of conflict occurrence.             
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Wildlife managers face difficult decisions when dealing with orphaned American black bears.  
Sometimes euthanasia is the clear, ethical choice if bears are suffering or unable to be released 
due to injury or illness.  Reuniting orphans with their mothers or fostering them to surrogate, 
wild females would be an optimal solution from a wildlife manager’s or public constituent’s 
perspective, but that usually is not an option.  In contrast, euthanizing healthy orphans, non-
intervention, or placing orphans into permanent captive facilities may not be publicly acceptable.  
Captive care and subsequent release of American black bears into the wild has been successfully 
used as an option (Beecham et al. 2015).  Rehabilitation and release of bear orphans has benefits, 
but there are concerns about the survival and possible engagement in post-release conflict of 
rehabilitated bears. 
Post-release information for rehabilitated American black bears is limited, especially for 
cubs.  The post-release information currently available was largely derived from studies 
incorporating either small sample sizes, 1 age class of young bears (cubs or yearlings), short 
study periods, no post-release tracking, estimates generated using less precise and dated tracking 
methods (VHF telemetry), or a combination of these.  I followed the fates of 42 American black 
bears rehabilitated at Appalachian Bear Rescue in Townsend, TN, USA and released in Great 
Smoky Mountains National Park (GSMNP) or Cherokee National Forest (CNF).  My objectives 
were to assess 1-year survival and post-release conflict.   
As hypothesized, bears rehabilitated and released from ABR survived at similar rates, 
died from similar causes, and engaged in post-release conflict similar to wild conspecifics.  My 
results were also consistent with those of Clark et al. (2002), Binks (2008), and Beecham et al. 
(2015) that showed rehabilitated bears survive at rates similar to wild conspecifics and have 
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limited conflict behaviors.  Vehicular collisions accounted for the majority of bear deaths in my 
study although post-release movements were not as pronounced as in other studies of 
rehabilitated bears (Binks 2008, Beecham et al. 2015).  Bears in my study appeared to have 
relatively high release site fidelity, but most release sites were near roads, which may have 
attributed to the vehicular collisions I observed.  Most bears did not engage in conflict behavior 1 
year post-release, and development of conflict behavior was not verifiably linked to known 
conflict behavior of their mother 
Beecham (2015) defined primary success of a rehabilitation program as one that released 
bears back into the wild that survived at normal rates to wild conspecifics and avoided human-
bear conflict post-release.  By this definition, I have demonstrated that rehabilitation of 
American black bears can be a valuable tool for wildlife managers.  Public acceptance of 
management action is important in shaping wildlife policies for publicly-owned natural resources 
(Zinn et al. 2008).  Successful bear rehabilitation with documented practices promote support for 
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Table 1.  Post-release fates and release characteristics of rehabilitated American black bears 
released to Great Smoky Mountains National Park (GSMNP) and Cherokee National Forest 















1 F Yearling GSMNP 24.5 2016-07-18 52 Alive 
807 F Cub CNF 35.4 2015-11-09 52 Alive 
809 F Cub CNF 34.5 2015-12-04 33 Dead 
810 M Cub CNF 41.5 2015-11-30 23 Dead 
811 F Cub CNF 44.0 2015-11-09 32 Alive 
813 M Yearling CNF 45.4 2016-04-11 52 Alive 
815 F Yearling CNF 25.9 2016-04-11 9 Alive 
816 M Cub CNF 44.0 2015-11-09 52 Alive 
817 M Cub CNF 34.9 2015-11-09 52 Alive 
820 F Yearling CNF 28.4 2016-04-11 52 Alive 
822 M Cub CNF 27.7 2016-11-04 2 Alive 
823 F Cub CNF 24.3 2016-11-04 52 Alive 
926 F Cub GSMNP 27.7 2015-11-25 28 Dead 
928 F Cub GSMNP 36.7 2015-11-25 41 Alive 



















931 M Cub GSMNP 56.2 2015-11-30 43 Alive 
932 M Yearling GSMNP 38.1 2016-03-09 52 Alive 
933 M Yearling GSMNP 27.7 2016-04-11 23 Alive 
934 M Yearling GSMNP 28.1 2016-04-14 52 Alive 
936 M Yearling GSMNP 33.1 2016-04-28 52 Alive 
937 M Yearling GSMNP 34.5 2016-04-11 52 Alive 
938 F Yearling GSMNP 31.5 2016-04-11 52 Alive 
939 F Yearling GSMNP 30.8 2016-04-11 8 Alive 
940 M Yearling GSMNP 32.2 2016-04-12 52 Alive 
941 F Cub GSMNP 23.4 2015-12-11 40 Dead 
942 F Yearling GSMNP 27.2 2016-04-11 52 Alive 
943 M Yearling GSMNP 41.3 2016-02-26 14 Alive 
944 M Yearling GSMNP 30.8 2016-06-23 2 Alive 
946 M Yearling GSMNP 38.6 2016-04-12 34 Unknown 
947 F Yearling GSMNP 24.5 2016-04-13 3 Alive 
949 M Yearling GSMNP 42.9 2016-04-11 52 Alive 
950 F Yearling GSMNP 22.9 2016-04-14 52 Alive 
952 F Yearling GSMNP 23.1 2016-04-29 5 Alive 
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Table 1 Continued. 












953 M Yearling GSMNP 29.5 2016-04-11 52 Alive 
954 F Yearling GSMNP 18.1 2016-04-13 52 Alive 
955 M Yearling GSMNP 31.3 2016-04-11 52 Alive 
956 M Yearling GSMNP 20.0 2016-06-03 51 Alive 
957 M Yearling GSMNP 24.9 2016-06-10 52 Alive 
958 F Yearling GSMNP 20.4 2016-04-13 52 Alive 
959 M Yearling GSMNP 32.0 2016-04-28 41 Alive 
961 F Yearling GSMNP 33.6 2016-04-29 52 Alive 












Table 2.  Percent (%) of total spatial location data remaining after using 4 different methods to 
screen Global Positioning System-acquired relocation data for rehabilitated American black 
bears, Tennessee and North Carolina, USA, 2015—2017. 
Screening methoda Total Fixes Data Retention (%) 
None 71,675 100.0 
Remove 2D with PDOP >5 71,668 99.99 
Remove 2D 71,659 99.98 
Remove 2D with PDOP >5 and 3D with PDOP >10 71,032 99.10 
Remove 2D and 3D with PDOP >7 67,199 93.76 
a. Screening method definitions: None is only “no fixes” removed (locations that could not be 
determined); 2D is two-dimensional fixes (3 satellites used to acquire locations); 3D is three-















Table 3.  Pessimistic survival models associated with rehabilitated American black bears 
released to Great Smoky Mountains National Park or Cherokee National Forest in Tennessee and 
North Carolina, USA, between 2015—2017. 
Modela kb AICcc ΔAICcd wi
e LLf 
Total distance 2 65.78 0.00 0.50 1.00 
Release age 2 67.66 1.87 0.19 0.39 
Intake Age 2 69.22 3.43 0.09 0.18 
Null 1 69.97 4.19 0.06 0.12 
Maximum dispersal 2 70.19 4.41 0.05 0.11 
Release area 2 71.43 5.64 0.03 0.06 
Sex 2 71.43 5.65 0.03 0.06 
Release weight 2 71.90 6.12 0.02 0.05 
Care days 2 71.96 6.18 0.02 0.05 
a. Model definitions: release age is difference (days) in date of bear release and assumed day of 
birth of 17 January (Bridges et al. 2011) for a bear in a given year ; total distance is total 
distance (km) traveled between sequential locations while telemetered; intake age is 
difference (days) in date of bear intake and assumed day of birth of 17 January (Bridges et al. 
2011) for a bear in a given year; maximum dispersal is maximum Euclidean distance (km) a 
bear traveled from its release site while telemetered; null is model when all variables are 
pooled (held constant) and the only parameter modeled is survival; sex is gender (male or 
female); release area is GSMNP or CNF; care days is difference (days) between bear intake 
and release dates; release weight is weight (kg) of bear at release day.   
b. Number of parameters in model. 
c. Akaike’s Information Criterion values corrected for small sample sizes (AICc). 
d. Distance from AICc. 
e. AICc model weights. 




Table 4.  Optimistic survival models associated with rehabilitated American black bears released 
in Great Smoky Mountains National Park or Cherokee National Forest in Tennessee and North 
Carolina, USA, between 2015—2017. 
Modela kb AICcc ΔAICcd wi
e LLf 
Release age 2 53.41 0.00 0.37 1.00 
Total Distance 2 53.61 0.20 0.34 0.90 
Intake Age 2 55.47 2.06 0.13 0.36 
Maximum Dispersal 2 57.88 4.47 0.04 0.11 
Null 1 58.17 4.75 0.03 0.09 
Sex 2 58.54 5.13 0.03 0.08 
Release Area 2 59.01 5.60 0.02 0.06 
Care Days 2 60.15 6.74 0.01 0.03 
Release Weight 2 60.17 6.75 0.01 0.03 
a. Model definitions: release age is difference (days) in date of bear release and assumed day of 
birth of 17 January (Bridges et al. 2011) for a bear in a given year ; total distance is total 
distance (km) traveled between sequential locations while telemetered; intake age is 
difference (days) in date of bear intake and assumed day of birth of 17 January (Bridges et al. 
2011) for a bear in a given year; maximum dispersal is maximum Euclidean distance (km) a 
bear traveled from its release site while telemetered; null is model when all variables are 
pooled (held constant) and the only parameter modeled is survival; sex is gender (male or 
female); release area is GSMNP or CNF; care days is difference (days) between bear intake 
and release dates; release weight is weight (kg) of bear at release day.   
b. Number of parameters in model. 
c. Akaike’s Information Criterion values corrected for small sample sizes (AICc). 
d. Distance from AICc. 
e. AICc model weights. 





Table 5.  Conflict engagement and management action for American black bears born to known, 






Release Date Conflict 
Engagement 
Conflict Date Action 
809 a F Cub 2015-12-04 No – None 
810 a M Cub 2015-11-30 Yes  2016-05-04 Euthanized 
926 b F Cub 2015-11-25 No – None 
928 b F Cub 2015-11-25 No – None 
930 c M Cub 2015-11-30 No – None 
931 c M Cub 2015-11-30 Yes  2016-09-20 Relocated 
943 M Cub 2016-02-26 Yes  2016-05-28  Relocated  
943 M Cub 2016-02-26 Yes 2016-06-12 Relocated 












Figure 1. Great Smoky Mountains National Park and Cherokee National Forest in Tennessee and 





Figure 2. Four enclosures used to house injured and orphaned American black bears at 
Appalachian Bear Rescue in Townsend, TN, USA.  All four enclosures are marked with light 















Figure 3. Total movement paths for American black bears (n = 40) rehabilitated at Appalachian 
Bear Rescue in Townsend, TN, USA and released in Great Smoky Mountains National Park or 




Figure 4. Annual dispersal paths from release sites for American black bears (n = 24) 
rehabilitated at Appalachian Bear Rescue in Townsend, TN, USA and released in Great Smoky 





Figure 5. Maximum dispersal paths from release sites for American black bears (n = 40) 
rehabilitated at Appalachian Bear Rescue in Townsend, TN, USA and released in Great Smoky 
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